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Conditional Dependence Between House Prices and Oil Prices 
 
ABSTRACT 
This paper makes use of two copula functions namely the Normal and the student-t 
copulas to model the Unconditional and conditional dependence structure between 
real house and oil price returns. Using annual house and oil prices from 1860 to 2013; 
we find a significant negative unconditional dependence structure between the real 
house and oil prices returns. To understand the evolution of this type of dependence 
structure; we develop a time varying Student-t copula model. This model confirms that 
the level of the current dependence structure beween oil and house prices returns is 
a function of the previous dependence between the two. Based on the fitted 
dependence values we identify two types of dependence structure: a weak 
dependence structure characterised by positive values, and a strong dependence 
structure characterised by negative values. The paper argues that weak dependence 
structure is found in regions with large number of energy sector jobs, while strong 
dependence is found in the rest of the regions. Our sample period is found to be 
dominated by strong negative dependence structure.    
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INTRODUCTION 
. 
. 
. 
METHODOLOGY 
This paper makes use of copula functions to study the unconditional and conditional 
dependence structure between house prices and oil prices. A copula ܥ of random 
variables ݕ௜	ሺ݅ ൌ 1, 2,.		.		 . , ݊ሻ is a function that links the univariate marginal distributions 
ܨ௜ to their joint distribution ܨ  based on Sklar (1959)’s theorem which states that given 
an n-dimensional distribution function  with marginals  there exists an n-
copula  such that: 
                                                       (1) 
where are continuous marginal distribution functions, and  a multivariate 
copula function that links these marginal distribution functions.  
Corresponding probability density functions (pdf) can be obtained by taking the first 
partial derivatives with respect to each random variable as follows: 
 
݂ሺݕଵ, … , ݕ௡ሻ ൌ ܿ൫ܨଵሺݕଵሻ, … , ܨ௡ሺݕ௡ሻ൯ ൈ ∏ ௜݂ሺݕ௜ሻ௡௜ୀଵ
ݓ݄݁ݎ݁	ܿሺݑଵ, … , ݑ௡ሻ ൌ డ
೙஼ሺ௨భ,…,௨೙ሻ
డ௨భ∙…∙డ௨೙
  
 
        (2) 
 
  where ܿሺݑଵ, … , ݑ௡ሻ is the multivariate copula function that describes the dependence 
structure between these marginals ܨ௜; and ݑ௜ are uniformly distributed random 
variables obtained by transforming the random variables ݕ௜ using the probability 
integral transformation1 technique.  
Two types of copula functions are used in this study to model the dependence 
structure between house and oil prices – the Normal and the Student-t copulas. These 
                                                            
1  ௜ܷ ≡ ܨ௜ሺ ௜ܻሻ~ܷ݂݊݅ሺ0,1ሻ, ݅ ൌ 1,2, … , ݊. 
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two copula functions are often referred to as Elliptical copulas since they are derived 
from multivariate elliptical distributions and are best suited to study symmetric tail 
dependence.  
Estimation of Dependence Parameters 
The unconditional dependence parameters of a copula function are obtained by 
optimising the log-likelihood function of equation (2) given by:  
ܮܮሺߝ, ݕሻ ൌ ∑ ቀ∑ ܮ݋݃൫ ௜݂ሺݕ௜௧, ∅௜ሻ൯ ൅ ܮ݋݃ ቀܿ൫ܨଵሺݕଵ௧ሻ, . . . , ܨ௣൫ݕ௣௧൯; ߠ൯ቁ௣௜ୀଵ ቁ௝்ୀଵ                    (3)  
where ߝ ൌ ሺߠ, ∅ሻ is the vector that contains the parameter	∅ of the marginal 
distributions, and the  unconditional dependence parameters ߠ of the copula function. 
Equation (3) can be separated in two parts as follows: 
݌ܽݎݐ1 ൌ ∑ ∑ ܮ݋݃൫ ௜݂ሺݕ௜௧, ∅௜ሻ൯௣௜ୀଵ௝்ୀଵ                                                                              (4) 
݌ܽݎݐ2 ൌ ∑ ܮ݋݃ ቀܿ൫ܨଵሺݕଵ௧ሻ, . . . , ܨ௣൫ݕ௣௧൯; ߠ൯ቁ௝்ୀଵ                                                             (5) 
where part1 represents the log-likelihood functions of the marginal distributions; while 
part2 represents the log-likelihood function of the copula function. Therefore a-two-
stage estimation method which consists in estimating the parameters of the marginal 
distributions in the first stage, and that of the copula function in the second stage needs 
to be employed.  
The conditional dependence parameters are obtained by expressing the copula 
function in terms of a GAS model discussed in (2011). This GAS model specifies the 
conditional dependence parameter as an evolving function of the lagged dependence 
parameterݏ	ߠ௧. The evolving conditional dependence parameter for the Normal copula 
is the correlation matrix, and for the Student-t copula it is the degree of freedom and 
the correlation matrix as well. Following Patton (2011) the GAS model can be 
expressed as: 
ߜ௧ ൌ ݄ሺߠ௧ሻ;                                                                                                             (6) 
where 
 ߜ௧ାଵ ൌ ݓ ൅ ߙܫ௧ି
ଵ ଶൗ ݏ௧ 		൅ ߚߜ௧;                                                                                  (7) 
ݏ௧ ≡ ௗௗఋ ݈݋݃ࢉሺݕଵ௧, ݕଶ௧, ߠ௧ሻ; 
ܫ௧ ≡ ܧ௧ିଵሾݏ௧ݏ′௧ሿ; 
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where ߜ௧ is the transformed conditional dependence parameter restricted to lie in a 
particular range; for example the correlation coefficient is restricted to lie in ሾെ1, 1ሿ. 
ܫ௧ି
ଵ ଶൗ ݏ௧	 is the score of the copula likelihood. The evolving conditional depedence 
parameter ߠ௧ ൌ 1 ൅ ݁ݔ݌ሺ ௧݂ሻ for the Student-t GAS model2. 
DATA AND EMPIRICAL RESULTS 
Annual data series made of house and oil prices, GDP, CPI from 1860 to 2013 are 
used to study the dependence structure between house prices and oil prices. We 
make use of the computed real house and oil prices returns series to study the 
dendenpdence between the two. Table 1 below reports the descriptive statistics of the 
real house and oil prices returns. Based on the Jarque Berra test; we reject the null 
hypothesis of normality for both series.  
 Table 1: descriptive statistics of these variables. 
   House Return Oil Return
Mean 1.673 -1.136 
Std.Dev 16.36 35.413 
Kurtosis 1.592 31.905 
Skewness 0.1385 -3.6245 
Jarq.Bera 14.969 6439.858 
Prob JB 0.000562 0.000 
  
Unlike the distribution of real house returns which is characterised by a positive mean 
and skewness; that of the oil returns has a negative skewness and large positive 
kurtosis. As lightlighted in Figure 1 below; real oil returns is more volatile than house 
prices returns. 
 
                                                            
2 More detaisl about these two GAS models can be found in Patton(2011) 
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Two unconditional dependence models are used in this study namely the Normal 
copula, and the Student-t copula functions. Table 2 reports the unconditional 
dependence measures for the two copula functions. 
Table 2: Dependence measure between real house and oil returns 
   Coeff LL Sdt Error Tail Dep Ranking 
Normal -0.062 0.30 0.0302 0.00 2 
Student-t -0.068 0.32 0.0223 0.00 1 
 
The results show that there is a significant unconditional negative dependence 
structure between house and oil price returns.  The Student-t copula having the 
highest log-likelihood function value, outperforms the Normal copula function in 
modeling this dependence structure. The tail dependence which measures the 
probability of the two series to move together in the same direction is equal to zero, 
meaning that the dependence structure remains constant independently of wheter or 
not the economy is in bull or bear amrkets.  
An unconditional negative dependence is an indication that an extreme increase 
(decrease) in oil prices will likely be followed by a decrease (increase) in house price. 
To understand the characteristics of this type of dependence structure over time; we 
make use of the time varying copula model based on the GAS model discussed in 
Patton (2011). Using the full sample data, we develop a time varying Student-t copula 
model since the Student-t appears to best fit the data. The estimated parameters are 
reported in table 3 below. 
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Table 3: GAS model estimation results using equation (7) 
    Coef StdEr LL 
 t copulaGAS  Omega -0.011 0.001 0.11 
  Alpha -0.109 0.024 
  Beta 0.903 0.021 
   DoF 0.014 0.001 
 
 
In this Table 3 Omega represents the independent term in the model in equation (7), 
Alpha is the coefficient of the score of the copula likelihood, Beta is the coefficient of 
the lagged dependence parameter, and DoF represents the degree of freedom. All 
estimated coefficients are statistically significant. These results show that current 
depedence structure between oil and house prices depends significantly on its 
previous level. Figure 2 below exhibits the evolution of the dependence structure 
between oil and house prices returns during our sample space. The plot shows that 
the dependence structure is not constant over time. It decreased significantly in the 
early 1850 and bounced back to its strongest level late in the 1800’s. Thereafter it 
started weaking since the end of the world war II until recently. 
 
 
Figure 2: Evolution of the conditional dependence structure between oil and house 
prices returns based on the time varying Student-t copula in equation (7).  
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During our full sample period; the time varying Student-t copula model based on the 
GAS technique has identified the existence of two types of dependence structure 
between oil and house prices; - a weak, and a strong dependence structure.  
A weak dependence structure is characterised by few positive fitted dependence 
values generated from the Student-t copula model, while the strong dependence 
strucuture is characterised by negative fitted dependence values obtained from the 
the time varying Student-t copula. These values are reported in Table 4 in the 
appendix. 
If oil prices drop consistently over time then one would expect the same effect on 
house prices in regions with high concentration of energy sector jobs. Therefore house 
prices in regions with large number of jobs in the energy sector are likely to drop if 
energy companies struggle financially to cope with significant drop in oil prices. We 
therefore refer to this type of positive dependence between oil and house prices as 
weak dependence.  
One the other hand significant drop in oil prices can lead higher house prices in regions 
with non-significant number of jobs in energy sector. A significant drop in oil prices is 
likely to spark a waive of consummer spending in these regions hence treagering 
house prices to increase. We therefore refer to this negative dependence structure 
between house and oil prices as strong dependence. The study finds more evidence 
of strong negative conditional dependence between oil and house prices returns 
based on results reported  in Table 4 in the appendix. 
CONCLUSION 
The aim of this study was to study the unconditional and conditional dependence 
structure between oil and house prices during the period between 1860 and 2013 
using annual data. To achieve this objective two elliptical copulas have been used 
namely the Normal copula and the Student-t copula.  
Unconditional dependence measure have been obtained by estimating the 
parameters of these two copula functions. We found that both the Normal and the 
Student-t copula generated  statistically significant negative parameters. We therefore 
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concluded that the unconditional dependence between oil and house prices returns is 
significantly negative. We found that the Student-t copula best fitted this dependence 
structure.  
To understand the evolution of this dependence structure over time; we develop a time 
varying Student-t copula model based of the GAS technique discusses in Patton 
(2011). The estimated coefficients of this model were found to be statistically 
significant meaning that the current level of dependence is entirely a function of 
previous dependence measures.  
Based on the fitted dependence values generated from the time varying  Student-t 
copula model expressed in equation (7); we identified two types of dependence 
structure. One with positive dependence values which we referred to as weak 
dependence; and the other one with negative dependence values which we referred 
to as strong (negative) dependence structure. We argue that weak dependence 
structure exists in regions with significant energy sector jobs; while a strong 
dependence structure exists in the rest of regions. Our sample period was found to be 
dominated by strong negative dependence. 
APPENDIX 
Table 4: Fitted dependence values using time varying Student-t copula for each year 
1860  ‐0.0601  1889  0.0449 1918 ‐0.1368 1947 ‐0.064 1976  ‐0.136 2005 ‐0.13
1861  ‐0.2192  1890  0.0485 1919 ‐0.1358 1948 ‐0.076 1977  ‐0.134 2006 ‐0.13
1862  ‐0.3776  1891  0.0579 1920 ‐0.1344 1949 ‐0.079 1978  ‐0.133 2007 ‐0.13
1863  ‐0.4596  1892  0.0672 1921 ‐0.1291 1950 ‐0.081 1979  ‐0.132 2008 ‐0.12
1864  ‐0.4687  1893  0.0747 1922 ‐0.1103 1951 ‐0.085 1980  ‐0.128 2009 ‐0.12
1865  ‐0.4749  1894  0.0704 1923 ‐0.0899 1952 ‐0.086 1981  ‐0.118 2010 ‐0.11
1866  ‐0.4628  1895  0.0647 1924 ‐0.0744 1953 ‐0.085 1982  ‐0.112 2011 ‐0.10
1867  ‐0.432  1896  0.0457 1925 ‐0.0552 1954 ‐0.083 1983  ‐0.108 2012 ‐0.1
1868  ‐0.398  1897  0.0165 1926 ‐0.0369 1955 ‐0.082 1984  ‐0.100 2013 ‐0.09
1869  ‐0.3613  1898  ‐0.0041 1927 ‐0.0192 1956 ‐0.081 1985  ‐0.101
1870  ‐0.3274  1899  ‐0.0393 1928 ‐0.0058 1957 ‐0.082 1986  ‐0.1
1871  ‐0.2846  1900  ‐0.0843 1929 0.0003 1958 ‐0.084 1987  ‐0.095
1872  ‐0.2305  1901  ‐0.1248 1930 0.0038 1959 ‐0.089 1988  ‐0.093
1873  ‐0.1823  1902  ‐0.1557 1931 0.0036 1960 ‐0.093 1989  ‐0.092
1874  ‐0.1749  1903  ‐0.1826 1932 ‐0.0117 1961 ‐0.097 1990  ‐0.092
1875  ‐0.1516  1904  ‐0.2111 1933 ‐0.0169 1962 ‐0.104 1991  ‐0.094
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1876  ‐0.138  1905  ‐0.233 1934 ‐0.0265 1963 ‐0.111 1992  ‐0.096
1877  ‐0.1449  1906  ‐0.2359 1935 ‐0.0246 1964 ‐0.116 1993  ‐0.097
1878  ‐0.1622  1907  ‐0.2293 1936 ‐0.0195 1965 ‐0.119 1994  ‐0.1
1879  ‐0.1651  1908  ‐0.2249 1937 ‐0.017 1966 ‐0.122 1995  ‐0.101
1880  ‐0.1577  1909  ‐0.2141 1938 ‐0.015 1967 ‐0.125 1996  ‐0.103
1881  ‐0.1545  1910  ‐0.1874 1939 ‐0.0157 1968 ‐0.128 1997  ‐0.109
1882  ‐0.1519  1911  ‐0.1717 1940 ‐0.0208 1969 ‐0.127 1998  ‐0.113
1883  ‐0.145  1912  ‐0.1616 1941 ‐0.0168 1970 ‐0.127 1999  ‐0.116
1884  ‐0.1023  1913  ‐0.1565 1942 ‐0.0107 1971 ‐0.129 2000  ‐0.123
1885  ‐0.0769  1914  ‐0.1449 1943 ‐0.0158 1972 ‐0.132 2001  ‐0.129
1886  ‐0.0495  1915  ‐0.1361 1944 ‐0.0187 1973 ‐0.134 2002  ‐0.128
1887  ‐0.0123  1916  ‐0.1333 1945 ‐0.0333 1974 ‐0.139 2003  ‐0.127
1888  0.0236  1917  ‐0.1362 1946 ‐0.0516 1975 ‐0.138 2004  ‐0.124
 
